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ABSTRACT 
The  activities of  the  enzymes arginase  and  rhodanese  were  examined in  ho- 
rnogenates of  13 mouse cell strains  and  2 human  cell strains  after long cultiva- 
tion of the cells in vitro. Three  strains  of mouse liver origin showed  both  high 
arginase and rhodanese activities in keeping with activities of the tissue of origin. 
Two strains of cells of human  epithelial origin, HeLa and epidermis, were found 
to have high rhodanese activity but low arginase activity, the skin being almost 
devoid of it. Seven mouse fibroblast strains or substrains had moderate rhodanese 
activity and all except one of the strains had low arginase activity. Two of the 
fibroblast  strains  tested,  NCTC  1745 and  NCTC  2050,  were  derived  from  a 
single  cell  of  a  tumor  appearing  after  injection  of  the  high  tumor  producing 
.  strain  NCTC  1742 into a  mouse.  The strain  1745 had  20  times and  the strain 
2050 had 400 times the arginase activity of the parent strain  of cells.  The find- 
ings imply a considerable biochemical variation in the three strains. Three mouse 
mammary carcinoma clones were devoid of arginase activity, but had considerable 
rhodanese activity. 
Mammalian  cells, after long cultivation in vitro 
are often so changed in appearance  that it is diffi- 
cult  for  the  morphologist  to  identify  them  with 
their  original  type.  Additional  criteria  for  the 
characterization  of cell strains  need  to  be sought. 
The  present  report  represents  a  start  toward  the 
use  of enzyme patterns  for  this purpose. 
In any enzyme study  concerned with cells after 
long  cultivation  outside  the  animal  of  origin  the 
question of adaptive enzymes must be considered. 
It  is always possible  that  the very process of ad- 
justing  to  growth  under  tissue  culture  conditions 
requires extensive changes  in enzyme activities or 
content. It is the common experience of those con- 
cerned  with  the  culture  of  cells in  vitro,  that  the 
cells  appear  to  undergo  some  change  in  order  to 
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survive  and  proliferate  under  culture  conditions. 
One change  appears  to  be  in  the  direction of less 
exacting nutritional  needs  or a  more  thrifty  type 
of metabolism. Presumably any metabolic changes 
would  be  largely  mediated  through  enzyme  ac- 
tivity.  Therefore as a  first approach  to  the  study 
of  enzyme  patterns,  fifteen  cell  strains  or  sub- 
strains have been examined for their arginase and 
rhodanese  activities.  These  enzymes  were  chosen 
because  three of the cell strains  under  study  were 
derived from liver and  the livers of all animals so 
far examined  having  a  ureotelic metabolism  have 
been  found  to  be  high  in  arginase  activity.  An- 
other strain originated from human  skin, and  skin 
is reported likewise to have a high arginase activity 
(29). All tissues examined were derived either from 
mi~:e or human beings. Both of these species have a 
ureotelic metabolism. 
Rhodanese  (13,  24)  was  chosen  as  the  other 
enzyme  because  tissues  other  than  the  liver  are 
reputed  to contain little rhodanese activity. When 
e.g.  rat  tissues  were  examined  for  this  enzyme, 
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kidney  cortex  was  the only one found  with  more 
than  6  per  cent  of  the  rhodanese  activity  of  the 
liver (24). The transfer of sulfur from a  source such 
as  thiosulfate  to  hydrocyanic  acid  to  yield  thio- 
cyanate,  (the  process  catalyzed  by  rhodanese)  is 
not  known  to  be  linked  to  any  major  metabolic 
process  in  the  intact animal.  If  this is  true,  then 
the  enzyme  might be less  influenced by  the  type 
of medium in which the cells had subsisted for long 
intervals than the arginase. 
On  the other hand,  the liver arginase of the in- 
tact animal is presumed to play a  major role in the 
protein economy of the animal,  (18,  25).  It is de- 
fined  as  that enzyme  catalyzing  the formation of 
urea and  ornithine from  arginine and  its amount 
and  concentration are  known  to  be greatly  influ- 
enced  by  nutritional  conditions  of  the  animal, 
(9,  15,  18,  28).  Its concentration as measured  by 
activity  has  been  found  to  be  less  in hepatomas 
than  in  normal  liver  tissue  in  the  intact  animal 
(9).  Since one of  the strains of  cells derived  from 
liver epithelium  had  grown  as  a  hepatoma  when 
the  cells had  been inoculated  into  mice of  origin, 
there was  added  interest  in its enzymatic proper- 
ties. 
Materials and  Methods 
The cell strains used were  (a) the NCTC-721  strain 
derived  from  the  parenchymai  liver  epithelium  of  a 
young  mouse,  (b)  the  clone  NCTC-1469,  descended 
from  721  by  single cell origin,  (c)  the  strain NCTC- 
1793  derived in turn from  1469  following injection of 
cultured cells into the mouse line from which the 721 
strain  originated  (7,  8,  11),  (d)  the  clone  NCTC- 
929L of mouse fibroblast origin  (3),  (e)  the substrain 
NCTC-2071  derived from the L  strain and adapted to 
medium  containing  no  exogenous  protein  source 
(8, 17),  (f)  the  substrain NCTC-2168 derived from  L 
by growth on synthetic medium containing an added 
3 mg. per cent nitrogen as horse serum,  (g) a  strain of 
human  epithelial  cells  derived  from  an  epidermoid 
carcinoma of the cervix  (HeLa)  adapted  to growth in 
a  medium containing horse  serum  as  primary protein 
source  (22),  and  a  strain  from  human  epidermis 
(h)  adapted  to  growth  in  horse serum  (23).  Also in- 
cluded  were  two  mouse  fibroblast  cell  lines  referred 
to  as  (1)  the  "low"  and (j)  "high"  tumor producing 
strains  (26,  27)  and  two  substrains  (k)  (l)  arising 
from  the high tumor-producing strain after cloning a 
single  cell  from  a  tumor  thai  developed  following 
injection of the  cells of  the high strain into a  mouse 
of  the  strain  of  cell  origin.  In  addition  three  mouse 
mammary  carcinoma  strains  M-I,  M-2,  M-3  carried 
as cloned strains were examined. 
The  cells were  grown  in  T-60  flasks  and  prepared 
and handled as previously described (3, 4, 5, 7).  They 
were harvested 48 hours after being placed in the new 
fluid medium. This meant that in all instances except 
for the 2071  and 2168  substrains, all glucose was ex- 
hausted  from  the  medium  at  the  time  of  sampling 
(31).  For  these  two  strains about 30 per cent  of  the 
glucose  was  still  present.  A  weighed  sample  of  each 
strain  was  taken  for  grinding  after  1  rinse  with 0.9 
per  cent  aqueous  sodium  chloride.  The  cells  were 
homogenized  in  water  suspension  in  a  chilled  glass 
test  tube  fitted  with  a  teflon  pestle.  Grinding  was 
continued to the point at which about 80 per cent of 
the  cellular  protein  had  been extracted.  Protein  was 
estimated by the Kjeldahl method  (31)  on an aliquot 
of the supernatant fluid from the extract after centri- 
fugation  of  the  homogenate  at  600  g.  Since  these 
estimations  consumed  considerable  time  the  biuret 
procedure was used as a  rapid check for protein prior 
to  making  the  individual  measurements  of  enzyme 
activities.  Volumes  were  adjusted  before  starting  a 
measurement to  give 3  mg.  of extracted  cellular pro- 
tein per ml. of the extract. 
For the arginase, 1 ml. of the extract was mixed with 
0.5  ml.  of  the  arginine  solution  at  pH  9.5  and  the 
mixture incubated for  5  minutes.  Two  ml.  of  15  per 
cent  metaphosphoric  acid  was  then  added  and  the 
proteins removed by filtration 15 minutes later.  Two 
ml. of the filtrate was then taken for the urea estima- 
tion  by  the  Archibald  (1)  procedure.  Estimation  of 
arginase  activity  was  made  both  with  and  without 
prior activation with manganous ion.  For the manga- 
nese activation the extract  was  mixed  with an equal 
volume  of 0.1  ~  MnC12 and  the solution maintained 
at  50°C.  for 4  hours.  The arginine solution was  then 
added and the previous procedure followed. 
Rhodanese  activity  was  estimated  essentially  by 
the method of Cosby and Sumner (2)  using the same 
quantity of cellular extract as for the arginase.  Since 
the  primary  interest  centered  around  cells  derived 
from  mouse  liver,  12  livers excised  from  animals  of 
the original mouse strain were assayed for the enzymes 
mentioned  and  their  activities  compared  with  those 
found in cultured cells derived from the liver. 
RESULTS 
The  results are listed in Table I,  and  the  table 
is  largely  self-explanatory. 
DISCUSSION 
As mentioned in the introduction it is presumed 
that  the  enzyme  arginase  has  an  important part 
to play  in  the protein metabolism  of  the animal. 
The enzyme assay as  carried out here is made  at 
the  unphysiologic pH  of  9.5,  since  this  is  nearer 
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TABLE I 
Arginase  and  Rhodanese  Activities  of  Cell  Strains  or 
Substrains  after  Cultivation  in  Vitro for 
Extended Periods 
Cell strain 
Mouse liver 
(a)  721 
(b)  1469" 
(c)  1795 
Mouse fibroblasts 
(d) "L"* 
(e)  2168" 
(f)  2071" 
Human epithelium 
(g) HeLa 
(h) Skin 
Mouse fibroblasts 
(i)  2049* 
(j)  1742" 
(k)  1745" 
(l)  2050* 
Mouse mammary 
carcinoma 
M-l* 
M-2* 
M-3* 
Years in 
culture 
9 
(9)  5 
(9)  3 
(17)  9 
(17)  2 
(17)  2 
(6)  2 
(4)  2 
Arginase 
330 
330 
100 
45 
1 
1 
1 
20 
410 
Rhodanese 
360 
275 
4O0 
44O 
300 
180 
2000 
840 
I15 
170 
ISO 
225 
200 
220 
220 
* These are cloned (single  cell)  strains.  In reference 
26  strain  1742 is  listed  as  substrain  7  and  2049  as 
substrain 3. Parentheses in table indicate years in cul- 
ture  of the parent  strain.  Strictly 2071  and  2168  are 
not clones; they are descendants of the clone 929L,  but 
were not recloned after adaptation  to different media. 
Also 1745 and  2050  are descended  from a  single cell; 
they were not recloned subsequently. 
The values are averages for 10 closely agreeing de- 
terminations except for the mammary carcinomas and 
2168  substrain  for which only 3 were made.  Arginase 
activity is expressed as milligrams urea produced/min- 
ute/100 gm. protein.  Rhodanese  activity is expressed 
as  milligrams thiocyanate  produced/minute/100  gm. 
protein. 
preparations.  Activity is less at  7.4  the usual  pH 
of the cultures.  So far it has  not been possible  to 
demonstrate  more  than  slight  urea  formation  by 
the intact liver cells growing under  the usual  cul- 
tural  conditions  with  the  arginine  concentration 
supplied by NCTC 108  (6) mixture in the medium 
or  that  supplied  by  the  stock  horse  serum  and 
chick embryo extract. The very low value for the 
arginase activity of the skin cells was unexpected 
in view of reports in the literature  (29). The other 
unexpected  finding  was  the  variability  in  the 
arginase  activity  of  the  mouse  fibr0blast  strains 
not derived from the  "L" done.  Of these NCTC- 
1742  is  the  "high  tumor"  strain,  2049  is  the 
"low tumor"  strain,  and  1745  and  2050  are  two 
lines  deriving  from  the  same  single  cell  from  a 
tumor  of  the  1742  strain.  The  divergence of  the 
two  lines  1745  and  2050  with  respect  to  their 
parent  strain  and  to  each  other  in  their  arginase 
activity is perhaps  the most remarkable finding in 
the study) We have done no work on any possible 
cofactors  other  than  manganese  that  might  be 
concerned. Little information seems to be available 
on  conditions  for  the  production  of  arginase  en- 
zyme in the cells. The finding of very high arginase 
activity in the 2050 line was disconcerting in that 
it thereby removed uniqueness from this attribute 
as distinguishing liver cells. The arginase activity 
of the 721  strain was about 75 per cent that of the 
liver  from  the  intact  mouse  strain  that  ~as  the 
tissue  source  for  the  original  cultures.  The  per 
cent activation of the enzyme by incubation  with 
the  manganese  chloride  solution  was  slightly less 
when  the liver was  the enzyme source  than  when 
the  cultured  cells  were  the  source.  The  original 
reason  for  running  the  assay  with  and  without 
prior activation of  the enzyme with  added  metal 
ion was the possibility that certain of the mediums 
might be sufficiently low in activating metal ions 
to  influence  the  activity assay.  However,  no  evi- 
dence  was  obtained  to  support  this  thought.  In 
order  to  get  appreciable  urea  formed  by  the 
strains  of low activity under any condition it was 
necessary to  extend  the time of incubation of  the 
extract  with  the arginine  to  more  than  the usual 
5 minutes. 
Many investigators in the course of carrying cell 
strains  for  extended  periods  have  noted  changes 
in morphology, growth characteristics and in some 
1 In conversation with various workers in the tissue 
culture  field  it  has  been  learned  that  there  is  some 
confusion  as  to  the  relationship  between  NCTC 
clone 929  L  and the four strains  NCTC  1742, 1745, 
2049,  and 2050  of elonal origin. The only relationship 
is  that  they  all  derived  from  the  C3H-HeN  inbred 
mouse  strain.  The  parent  cultures  for  L  were  taken 
from this mouse strain  17  years ago;  those for the 4 
other clones were taken from the mouse strain  7 years 
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instances enzyme patterns compared to the tissue 
of origin. Parker many years ago observed changes 
in growth  characteristics  of  fibroblasts  (20) and 
more recently pronounced changes within a done, 
(21). Perske, Parks, and Walker working with the 
Chang line of  cells originating from  human liver 
parenchyma were able to find only glucose 6-phos- 
phate  dehydrogenase  activity  present  although 
the  other  three  enzymes searched  for,  glucose-6- 
phosphatase,  fructose  diphosphatase,  fructose 
kinase  are  reputed  to  be  characteristic  of  liver 
parenchyma of  the  intact animal liver  (19, 30). 
They  conclude:  "Although  other  cell  lines may 
exist which do  actually represent and behave as 
the primary functional cell of the tissue of origin 
this  remains  to  be  established  for  each  culture 
strain.  Enzymatic methods  similar to  those  em- 
ployed here should be of value in performing such 
identifications." Our  report  serves  to  emphasize 
that certain enzymes such as arginase, may be used 
as  an  identity  tag  for  the  liver  cells,  and  that 
studies  directed  toward  this  end  may  also  yield 
very  in*teresting  information with  respect  to  in- 
creased  activity of certain  enzymes  in  some cell 
strains  such  as  the  2050  strain  of  the  present 
study. Presumably in the case of the latter strain 
the arginase belongs to the "constitutive" type of 
enzyme as defined by Lwoff  (16).  Haft and Swim 
(10) have  suggested  that  the  nutrition of  mam- 
malian fibroblasts is dependent on the composition 
of the medium in which they grow. If this is true it 
would be expected that variations would be found. 
Whether  the  enzymic change  found  in  the  two 
strains with respect to  their parent strain can be 
associated  with any of  the chromosomal changes 
that  take  place  in  cell  populations while  being 
grown in culture (12,  14) or whether it is in some 
way related to some phase of the malignant trans- 
formation, since both strains are descended from 
one cell of the high tumor line, must for the time 
being  remain  obscure.  Further  study  is  being 
devoted to the two strains. 
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